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Tunneling nanotubes (TNT) and extracellular vesicle mediated 














• intrinsic effector function (+)
• Ligand-gated (receptor-operated) ion channels
• receptors with intrinsic enzymatic activity (receptor tyrosine 
kinases, receptor serine/threonine kinases or receptor guanylyl 
cyclases)
• intrinsic effector function (-)
• G-protein coupled receptors (GPCRs)
• cytokine receptors → cytosolic protein kinases (Jak/STAT-
coupled)
• TNF-receptor superfamily
• IL-1/Toll-like receptors → adaptor proteins (e.g. TRADD, 
MyD88)
intracellular receptors “nuclear receptors”







action inside of 
cells
Nucleus





Mechanism of activation of the EGF receptor, a 
representative receptor tyrosine kinase.
Insulin, PDGF, ANP*, 





STAT dimers then travel to the
nucleus, where they regulate transcription of specific genes.
growth hormones, erythropoietin, 
interferons, and other regulators 










































channel-containing receptor, ligand-gated ion channel, 















The nicotinic ACh receptor (NM, NN),
a ligand-gated ion channel.
E／Emax=αX [L]n／(EC50
n + [L]n); n=2 (Hill coeffecient)
図 3-18, p77
At binding to and activation of nicotinic ACh receptor





Nature 1970;228:917 Nature 1968;219:1156
Gタンパク質共役型受容体








Transmembrane topology of a typical serpentine 
receptor (GPCR)
ACh; Muscarinic R
Illustration of the central core of rhodopsin. The core is 
























































































Desensitization of the b-adrenoceptor. 
The response to a b-adrenoceptor agonist (ordinate) 
versus time (abscissa). The break in the time axis 
indicates passage of time in the absence of agonist. 













参考文献：Katzung, 2011; Goodman & Gilman, 2010; 
Golan, 2011; Science, 2001; Hille, 2001; 
























Nothing in biology makes sense except in 
light of evolution. (Dobzhansky)
Hille, 2001
Possible Origins of Channel Families 
電位依存性Ca2+チャネルの分子進化系統樹























     (遺伝子重複 
















































































































































































Current Opinion in Neurobiology, 1998;8:351-356















State dependence of Gb modulation of presynaptic Ca2+ channels
(1:1)















-NE, noradrenaline; Ado, adenosine; 5-
HT, serotonin; SS, somatostatin; ATII, 
angiotensin II; BK, bradykinin. 





Ezogabine (Retigabine ): KCNQ/Kv7 opener, anticonvulsant. 
Flupirtine: the same mechanism , non-opioid analgesic.






















The historical view. Potassium channels, key controllers of 
resting and action potentials. Armstrong C: Science 1998;280: 56-57.
deactivation
Voltage-gated K+ ch.














145 mM 10 mM 70 mV 内向き 脱分極
外向き電流























































Oxygen Sensing: It’s a Gas!























K+ channel,  p.181 (COLUMN7)
尿細管細胞, Na-K-2Cl再吸収

















































Closure of the pancreatic β-cell type KATP channel by ATP and sulfonylurea. Increased ATP caused by 
glucose metabolism closes the KATP channel by binding to the Kir6.2 subunit (A). Sulfonylureas close the channel by 
binding to the SUR1 subunit (B). The SUR2 subunit has binding sites for benzamide-derivatives in addition to 
sulfonylureas (SU). Although there are four binding sites for the ATP molecule and four binding sites for the sulfonylurea 
molecule in each channel complex, occupation of only one of these sites by ATP or sulfonylurea is sufficient to close the 
channel.








KATP channel opener, minoxidil は発毛
効果を持つ。p.136



























• The membrane potential during diastole
• K+out concentration: [K
+]out, Ke 
• Hypokalemia低K血症; ectopic pacemaker generation 
due to the decrease in gK
• カリウムの2つの効果
(EK vs. PK (gK)に対する細胞外（血清）K+濃度Keの影響
を区別せよ。)
Katzung (10th ) p214；薬理学入門 p156
































Glia cells behave as messenger 





Inward rectifier K+ currents are 
absent in cerebral artery myocytes
isolated from Kir2.1-/- mice. 
[K+]o=140, [K
+]i=132 (mM) Zaritsky et al. (Circ Res. 2000;87:160.)
外向き電流増加
→過分極
K+-induced relaxation is absent in the cerebral artery 
from Kir2.1-/- animals.
Zaritsky et al. (Circ Res. 2000;87:160.)
K+-induced relaxation is absent in the cerebral artery 
from Kir2.1-/- animals. Zaritsky et al. (Circ Res. 2000;87:160.)
Neuronal activity increases the blood flow in the active area.
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• 狭心症治療薬Nicorandil (NK hybrid*) から
見た過分極弛緩連関









Sm. muscle: α receptor(少)
β receptor(多) 
Two types of nitric oxide (NO) synthesis in endothelium (left, eNOS) and 
macrophages (right, iNOS). NO causes vasodilation, and NO free radicals are 
cytotoxic to microbial and mammalian cells. NOS: NO synthase. (Fig. 3-22, 
Robbins) 図2-11、 2-16参照











Ca2+ influx & 
eNOS activation 
NO
Virchow’s triad in thrombosis.  Endothelial integrity is the single most 
important factor. Note that injury to endothelial cells can affect local blood flow and/or 
coagulability; abnormal blood flow (stasis or turbulence), in turn, can cause 







図 2-11    図 8-8 より改変






































































Force of  
contraction










1989 Brit J Pharmacol
[Ca2+]i
Force of  
contraction









Cain-Fc Relation in Agonist Contraction
TXA2
analogue




























Cromakalim vs. TXA2; 90K

































Molecular signal mechanisms of contraction of 






Dissociation of [Ca2+]i & Force of contraction
KCｌ (90 mM) contraction 
90mM KCl makes depolarization (Vm≒-10mV; 60Xlog[90/150])
Repolarization
vs.
Inhibition of Ca influx
















M) in the absence 
(○) and presence 
of levcromakalim
( KCO, 10-5.5 M,  
●) or nicardipine
(Ca antagonist,■).
























































Naunyn-Schmied. Arch. Pharmacol. 1992;346:691-700.
Biochem. Biophys. Res. Commun. 1992;187:1517-22.
Hyperpolarization-relaxation coupling. U46619:thromboxane A2
analogue. (Vasoconstriction, Platelet aggregation)
cromakalim-induced hyperpolarization in porcine 
coronary artery. （in the absence of [Ca2+]o）



















Pathogenic mechanisms in coronary artery 
spasm.
【血管平滑筋収縮・弛緩機序のまとめ】
アゴニスト収縮でもKCl収縮でも観察された血管平滑筋収
縮決定因子である、Ca感受性は脱分極で亢進し、過分極
で低下する。
膜電位のCa感受性に対する影響は冠動脈の生理学的、
病態学的、治療学的に重要な観点である。
EDHFとスパスムの分子機序が明らかになってきて、あらた
めて過分極弛緩連関の概念を広めたい。
